Cardiac adaptation to ischemia-reperfusion injury.
Acute myocardial ischemia initiates a cascade of cellular events that lead to irreversible injury. We previously described the transient nature of heat-shock induced cardioprotection; treatment with a catalase inhibitor abolished the cytoprotective actions without affecting expression levels of HSP71. Repeated, transient ischemic episodes augment the ischemic tolerance of affected myocardium but the fundamental cytoprotective mechanism(s) for both "early" and "delayed" preconditioning remains unclear. Increased cellular induction of protooncogenes, heat shock genes, and downstream effector proteins might play critical roles in the cytoprotection afforded by delayed preconditioning. We measured c-fos, c-jun, c-myc, and hsp70 induction in preconditioned (2 x 5-min ischemia/10-min reperfusion) and control rabbit hearts that either underwent 30- or 120-min coronary occlusion and 60-min reperfusion, or did not undergo subsequent sustained ischemia; the latter hearts were allowed to recover for 0, 1, 3, 6, 24, 48, 72, or 96 hours. Both c-fos and c-jun in ischemic tissue were strongly induced by ischemia-reperfusion injury and preconditioning pretreatment. However, expression levels diminished significantly by 1-h reperfusion and remained depressed during the 96-h recovery period. Hsp70 (inducible) mRNA expression levels were highest primarily in ischemic myocardium after 6-h recovery post-preconditioning; Hsp70 levels in ischemic myocardium were slightly stronger after 48-h recovery but subsequently diminished to barely detectable levels by 96-h post-preconditioning. Induction of c-fos and c-jun preceded that of Hsp70. These findings support the concept that upregulation of immediate early genes and heat shock genes plays an important role in myocardial adaptation to acute ischemic stress.